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25 a undue cycle u*ih whcu intrinsic beat In the dumlx? ^ detected An 
escape mterval is defined for each paced chamber, which i& die miiumum time 
i civ I m >,1 id-i a Uat muit be dewcttd bo: i :> pa, , v i 1 Jeh>cred Ok 
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30 If mi ! mntvr u.'i^n.r, tVvf^vn^cr i th ?i i u 'Mk^ipio 

a paccm k rto or roi h< I . ui n c in the manner d c ib©d 
slivered fey fee device must achieve ^apto< s wfefcb refers to 
k^u'Jt ^ n *>v t>oc i hot » P idling wave M 



Pt: L i " u * 1 -it V , x , . r not 

gy jra&eras (hmm?) of pacemaker, b«l Can have deMerWM 
ects as welt, since a demand pacemaker that ^ i*> sieving 



, Nit the pmi^l i*to> o:\vroem here *s tiw emsgy of ttie pulse, which 
ictiond ht* | u * 1 o ' <V, k< i I k t j nun p. it <? e 

*tm? *iw i ir | j. ii _ , ii i to 



to deicrairac the capture threshold on mifsal ui . 
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«n carihac cycle :s to look for an "evoked 
bg p^c The evokiiefOMfe iewreof < 
u< lit; pyl$e and evitleRcss ihM. the paced dusubi ; ,\, s sponded 
and extracted. By detect *B cvoted atrial or ventricular 

t\ c oi .1' x m'' r - ' '* l i ■ ' T <> c b j < 1 ' 1 ' "Ju" 1 

:K jm, c *m l 1 A false os \ -pi, *>} was effective m captanng the heart, that is, 
itv t«m«u-t,*i»i 1 the t icct-vs be: £ * it _t i jpi ; jfi tioa cai 
be patoed m th* clinical g&tiag, with die elmman ihw Mating pachig 
■ 1 - j l I f ■ i . Lt . to; tsi" 

p * M KvT tHlt fe , pdb £ H..U\, irut , ^ >>t eapt ffecuifa 

si n r 1 1 >_ j i J > I I , i 'it ii i u i , 

Mtoptem. (See, US, Pst*M No, 4I6<>J2! team* to 
, et a! wd presenil> ittigned to Cartinc ftcem**** i As 



auuitaptarc function provides the pacemaker with beaded \*m®&> & pester 
esse of use, and greater patient safety, 

\ so i ^luiWd w thi i Hio o o - iK- x iyth i * ihz rtui arid 
<*• rec l< \'i Uk «»ri ur ^ o . > a.M:!ia. u> to rfrhuU ^ 

S t>1 I K I "1 ,p K u . F-^Ml ll f C 1 t ' T T T t v' M th 

t 1 ^ it -v- , r< u * vu , tr-v, , , ar'^i sspgaaJ^d 
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feteVMtrieular and/or in|erv«atricaiar conduction defects can also be a cause of 

developed which pt.v uic cv< a] |\iuiog summon to one at bout ot !*ic itrej 

of atrial and/or vmtfiMsr cee&SiMioeN, tsm*e<1 .^uwv ^ h^it-n^-i 
stop} f- opto w itso endiae ostpy* win* u to patients, for 
example, the right and left ventricles are paced synchronously with a detenmned 
time cfet, termed MveiitricHlar pacing. 

eotwetuionat capture veriffcaJtat nMhods based apon evoked response detection 
as dt^nK, 1 jK h ♦ . u . ti ii , i t — P' "» n * i ■ 

of rx^pxnn n * j <,v- n i u ♦ » i K n • Ul 

i pi ^ ■ - ^ ,ii by the first paee irom bcin& Ji^i . 1 1 I l 1 1 " 1 r s K ,\ o d rvk\ 
38 addition, the second pace couM tafe with evoked response sensing when 
Che cveked response ftam the first pace occurs within an ampler blanking 
iMervsi mfttated by the second p«s. 
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capture. Also. *hcn multiple pacing puh e ds ive«Nl to 
the vent s t n i i c ia k 1 i > hi 
va\efoim that tesults i& affected if even one of the paoing jMtH*v 

|# wife! bye 
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may b. dene by < 
to that lass of &m eapntre is t 
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capture by each pace iMIvUMy gfid by si! of the p®sm 

:im he u^co ' i Jvtt.it u . i 1 ■ Id j 
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ir k umy cwrcfofcd with a 
npfescnting capture by boib p.v, i . .J « -jl. , 

Ette by only the fixst 
ise only to a specified 
jMre k defected If tiw 
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\ id "H i i t.iu t 1 .I'm i - < I i for 

F gs 4A 4B illu&iraie exemplary emtxxiimenb or an auto-capture 
slgOTiltern 

> ! l O>, V MJ I ' P\ 1U t\ !' M K^IaI t-p01SL~ 

Fig. 7 ittostntes an algorithm for eftaced disermii nation 5«w» 

:< « h I'.uv $ a >n ul jt temp itc ,.ni i coc c .its waveforms 
•a such m shown ,',!]■, 6 

Fh< treses! iw on may ijt ncorpor&ted ito « srnakei avmg a 

- 1 v < ' oi It m J 1 II I l i 1 '1 > 1 1! U 1' tmt ^ JO. ? 

ki i f > t <s 1 1 u i ~n I « ) 1 i il i I i 1 <. r 

1.5' p«n* \* udiw ed to cdtvh of the p* ud . i i ,-d \ - n ^ > du i u , caniw 

i ' > . II t TA |\K li . Cl ' > l'l t > 1 " ' I « ' <>' i ! 

kuoo^ s o\SL\f L uHm 5, t i ( if i i . i i 

il n-ir tvicu. al u i t. one thtt senses arnlor traces both the am* md 
ventricle*) h mg tv entneakr pacing channel >r pacnig bo . neks o 
:>«:? (. '1 ' 5 i \ in Mi i i ! i i <x x s cs » F ^ J. 



P r (i i I ,pi H\ i v i • ' i • I " i pi i 

< ! I 1 1 l „ i t «' u 1 I < 1 < i I ' l ) i I 1 is to 

IS electrode used fm m&mg and pacing. A ptop.nnjn.ihk decttonic controller 
causes du* o vii j. i d - u< k « pu j i ♦» sp> c <pM r >. ukrvak nrul 
sensed dearie-si aeii.vti) (k ioinnsii heart heats not ss a result m $ pmmi 
ruh-! Mi-wh- 'xi' Htn- s . c rdu> et\ tried ,ktnU> h> revMn* of 

I li I 1 1' ! ' i > ] \ I 1 ! i ( \ J III 

.50 ■ s s ■ <- , A t , i -it I i ) ij ■ i i '< ii "i i' ■ I i ' is 

detected by , r pa ■ rr >^ k %h<i.o 'o ^ ,-i . n,t' - o- ^ r nuu.ir sense, 
jc^occtnd} lr nid *i' i.ai;' i. ik <.> r tr»Lt r l d< ^n>, I'Sr uuswi. 
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beat, h pao; i ■ . ■ > ■ : , iti pjee o< a \cmneuiar pace) \v<th energy 
above the ■ , 1 1 . 1 1 i' t i ^ h« chamfer. 

ih:- coriJroiler of the pacemaker ^ made up d a microprocessor 10 
i ii'i in i 1' i > l K l ■ i i i on] ,iR^ 

s u ' .11 i.rm Loj j i "> i ■ * v " >. i -a • > i ■ k 

- lata i |s 1 control o I. ix rok^uv\ by other types oi ogle 
ciuuitn ic £ , iJj^crcte eompone&-«\ or ppagnwrorisblc ta^c arras o .is ng a state 
t^uth'ii npc of tun a rmer©prac«ssor'bs^od $>8?«?st* s& preferable The 

controller la capable of operating the pacemaker m a '\ rrher of programme 

K< n> k; u« i \t>^ urn t i )L u* > j kK i ptiNs.. are output in 
i i jvi < to sensed evctsts and exnir&hon o time mtervak \ idem iraed 
gi vomui "in 'in< i! ul 'i ul , !Mci >U< The 

external progwnsmei is a t i ipi i< t a-u, - i 1 . to u "hi at can 
aitettOLMtt: -K i.kv. i and re> - \ a -torch, da as a, /I the operating 

IS pa an et? h„ n-i-ot idt.:i 

r e p,.rs ki l,i at it i sen g/paeing i > ! oi prising ring 
cieelrode i dm c " - i . u < i '1 u £ i ilo 2 m , 

atrial d f ntctlkx: 30 winch em » ii ilea bidirect i I wkh , r of 
v ropi ssor 1 u<> Ct * is eruncu] en ig/pacing channels 

2C* bat i n n- met > n» u-<« ^< jhJ c < hi. t,p a. i . «. 4" aad 

^tt - - pi iia i '.ittr P -.1 " uatoknhat oKunvl 

n tn., , 4tt us '< tu„ L^h <_KnnU t\t iK'nif 1 *n < i i s ! to she 
pa«snaker b> leai id i r hml t <: 1 i en Uns <<a si 
network ? i, roJkd l>y tf-k- n crop? ^ >o u cJ ,uitch h decuples 

25 no in -m t i - i . lit p it ton. nat 0 .t | ><. cukh \ ■< 
v.n i . i ! i ' i p i ! < i \it) iv j tun p i k. <_ * a ai tl .!d icck 
ck'ctttKt 5 arkd ''lb h > r r 1 . f 1 ■ > < U> W sei , <a<l i ■ - to 
its bean wh fii 1 u«.a i lerta • n teia i tes.1 te pacmiate 
.iko ha-j ^ > t « utd sh^i compi^e^ an ^ \ ->k(. -t\n^r no 

P) li i ] iturfaco 2 , id , ->ct\ c ^np itlv. 1 \ WnA 1 k call » s •) 
t.^ f t lv <. ! f o a an a u s. • 23 and to the d 1 ' 1 1 i t 1 > ^ « < >'j s "iro5.^h 
ehe^tivluni n ' 1 h \^ 1 1 pi 1 i \v\ < I "I'to' t,^ \ u»l Sa 
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that a pacing pttise has achieved capful of ihe h^tt m s 
r or, as explained betew, used to record ars e 



.r ros sicj5 ^ * can ' tor : - 



i >l J til b 1 i " i i • . - i i t I J _ i 
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or ihc de* ol hi nWsnce *idt pro&roimed m>erucuo«* *io«d iu 

sense signals «ln <h ^- ^ r i 1 i «. v t >. K i t ->pevu _\[ 

threshold . 1 Ik controller then interprets sense signals from the scming channels 
and controls the delivery of paces in accordance with a programmed pacing 
mode fbc sense stgwls Stem any of the «isg channels of the pcemaker in 
W Fig icanKi , " 1^ Ji ^,Le 'ku^l.v k<i if- m^.a-. l i 
th^l can either be tfaissewirsssd via five teleanetry fink SO to ft* external 
programmer 300 or siom] for to fcsnsmtem. Tbe % 

The electrics] response of *e heart to a pacing puke is referred ro as an 
M evoked response, if the evoked response indicates that a psopaganng wave of 
,1 ; «kn i.m us rarolted from the pacing pulse, it evidences thai the paced 



therefore be meti n verify tto the pms km tcJ&vt* capture <>f tbe heart,. U 

2.5 i> * r i ir.Mi^ m b - i k \i j 1 • ,i\ IV .. i i i _■ l 

recorded ckMsugran u < u-rpl > * k- H pi i t. i i . omn: «f be 
heart by a similarly delivered pace, An civkirf rcspotif ,ei > chaise! for 
recoidm^ an ',c;i ^ o Cit U j r.-z C d> > i u 

) ! j I . I 5 1 - ■ I k 1 .L . 1-1 i.l.L . '1 ! ..J - i i KvJ I - | 1 - U 

30 Is preferable to record the electopam with a t 
s of the myoe w&nm 

, M the embodiment Hkittttod to Fig 1, the atrial ami 



mat 

mm rui' > i \ u i k s- i jpu ar - - j u o - t- 1 v * -i - 

ra&y be per:- n ■ ,s ■- 1 1 c i n r s x * ■-]" h K )st i ' .* i J The 

en m b, ini i i , ■ i ip r I >}l i - x i 

vun-i^i lie .^-d* Esnmall)' us«s3 for dchvoong <k i kw ; x tu 
. a , , . . i „ _ t n il ^ t ^ i masnx ?u 



tO In a i Jjvcl s\,T J t f _r j ( - 1 t k. -s -ii It : .c pau i; 

ku is. * p. 1u t li i i k L K Uni i ik 



i a tempi* 



thy* 



. J 1J I .'l „ ! I. ^ i 1 U { k ) 

, llse Mwi detailed explanation and description of specific 
ii to * bivssm v J,ii c\k i v _ i i. .'mi whei 



Ddivoy of i 

* ili. putton ■ 1 ■] . I.- l It i"_ 1I4.1I m/ati 1 ... 
that results from a skgte vmtriealar pace. This £ 
change in a i 

! ICG or i 

25 pfs*t -J i'-.' )■ - r - * 1 < •> l h . ip * t 11 t [» .\ J 

by rc< - ,5-51 ! j >jr . H"u ( i . 1 ;r, - 1 , ur k "h t u ! u ^ ■ 1 ■ 

cycle thai 1$ kjsowii (idiirve capture wjth Kni 1 . ■ r 1^ Presence m 
aHvn ^ s oKiic ttr .i _ v.-- v vi ttcr -" J ^--t 1 J ^\ . -iparmg fee 




30 pace h t H-t-^ <-t k.^ipl- ufa template ECG wweioirc I ' L n J . it->i 
BOG waveform TIT thai match, white Fig. 2B show test ten pUc 

«. of a 




by w® oftiNe padsg pulse*. 



IH I { ^«i^3^M 



hi jxi £\emp\ary mipkrno ^ ib^ n, 1 1 i'^n a l ;M 

w&vdibfm aid a template waveform Is asc®staiB®d by p^fetnskg a tim^doteato 
CK^ee^atbtt between the ww&«. Loss of *®p®m at o« of the 
\n 3 u ^ - 1 1 t l I \ . l -rv >n 1 > cacui the 
snd temp n \ j t P r v 'v 0 3 ,t.- 1 *t m L f t 1 1 
i 1 3 u i _ "kI.' m not a f&&t waveform *r d template waveform match 
mfc> be ysr u ' si-. ,i 1 v t r h . te-t si- i 0 of t.n^ r ^Ilc5 ma vas} 




! r 1 . \ ' i .1 t j It i un.' ^ t f ^'u 

II ptogianme: that c, i «. ji , - watt th^ -nr itJ\* p<kM^u*k..r v;a a rad^ 

i the mi ECO rod a isolate EGG to d«rmm§ if oiptere is 
j by Ae pgejpg pulses. In a inodl&atKHa to this einbodtment, nther Qm 
uung &xti±.t K\X a test L.-i ~i i ecorded b> or ^ u» sensmg 
c-iirt <1 f'iv p~ u-x. ai > t . j i i ' . ^ . j i u .. i -i n- is 
to- verify eapmre. The eternal 
( lo adhisi iho pacing pah*; mt^y o; 



t$ -M < ' hi j" 1 the external j j ograrairaei 

T ratfhot e 'i* nil r it, +v l . toLe * : .he pjet tutet i> ptu^ramiRed 
to verify otpsuns by comparing &e Km dectrogram wall the template 

SC! te^cj i ii > r . r^, I Kc s 

k> aatoffljtflf*ily act ih$ pacing |Hi%e m ae-emo^vi' i*u ottettow^t 

^temibste. of fee eagtuts ttataM msy be performed 
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i to venfy 



capture by pacing pulses en & ls*aM»-b«rt lu- 1 1 j 1 uf c 
the eontaoltor can thro perform a capiat? ftrefcoj Is is- Hid gdjttSl Ute 
? pacing pulse energy as appropriate. Less of capture events may also be h tgged 
he r,~n : - I i it. i l.\ . 

voltage of the fight artd left ve»troul*r pacing channels (referred to m RV and 
L\\ respectively) m a bi-vrntfeirkr praaker us«i| ECG or deprogram 
1.0 wawforow The aukvtehoM algorithm begins at steps A1 and A2 by pacing 
both chamb-T: of the ta? and r^ctU^ on K'G o* electrogram to crease a 
bi\eaincalar (Bi-V| template wavefwra that \$ to be wed a_s a wtou^ T r-e 
pacing pulse amplitude for both ventricles is set at a w >v.^h b "i i.,kr to 



fit * >iv w ' ii T t t t - 1 i t t . ; \. G oj c ^ctrogidm 
following the pace that k toteme* *s the tot w*v*IWm m v erii\ jug capture. A 



20 wavefbirm at step A4, If she wrote 

pacing channels arc assumed to hi- ^ I - - - , o - aptMre amj step A 1 is teswatat t«> 
dec^se the RV paring amplitude If loss of collation ;» detected at «ep M ;! 
thsn tt* RV pacing amplitude is assumed to have dropped below the threshold 
voltage. The enters threshold fe to defined « step AS to be the RV 

25 n ir i i 1 Kr t, Cut * tun V It wta* t*u tts *b_ H 
tkii . i npue 1 U 1 irft kk s \ fcgc piu ^ i u tu Lic^xt ^ step 
A6. Steps A3 shroagh. AS are to repeated for the LV mm tkmml m 
indicated by step A? m orckr find the LV capture threshold and set the LV 




EGG ami with the 



lie external p^gramrru I 
«hc -i^n v or ir-lnt n n4 -it i . % r _ci - \,k ,jic> u k-* ^ r - 
ventricakr MoJbnAeiA slgarite pleated dbove tahesraaiiy kmMtm a 
hack^uppac I 1 .\\H\n*H^r-cJlji pj^i^ v'wn-id Orce one c 
5 lose* ^ture the -1 ~i - i ; csx- ,o;,'uc f io:i ■ < 4v ^ tVao \ 

iL„.jLii u : t I' , u l > i i I i i r pj ( i i 



CM to? RV-oni% p&eusg Fhe LV pacing amplitude then increases fen; 
.hrevhn.iJ x oIq^ unfit the system detect* Bi^V pacing This fiexsMiiy tl 



II Another exemplary procedure ic tiifastfa**] by s -\ -F< Out k«. k-j^cn ik 

UX& time of the auto-thresh* d algoridu b> l.e nm; the LA i ! Rl mpmm 

only, hV-mlf, mi Bl-V paring configurations at steps Bl, B2, and B3< Alter 
creation of the templates, ®m sgttem bepm deraastngE RV and L¥ pciisg 
20 amplitudes simultaneous!* ^itli each pat* a iiMfacated b> steps B4 and BS, 
k ^pc^ ti \ t h Simitai to the prev kms rigonfom, the R V p** ti ^ 1 1 ■ f i ■ i 
of < test « < form Oaas an i < ■ u u< I" i -.-t >rr u. 1 tl l tk . 



to steps B4 
3d the RV 



If 31 lit 

s «d the Si A' template at step M, both pace a 



sod C it ' ' -i i 1 1 11- > i . t h - * i- ti..' 1 . t <" i 

«n> and 1 V«cw3l 3 umpteen are performed at step ET it a high eolation exkfe 
between the LV*only template and the test wmfcns, then* the RV 

4 the RV 



I k tod at step B 10, Likewise, a Mgh c 
i and the RV-or% template indicates that die T V ( 
»etow the threshold voltage, and the LV capture iftreshoM is ted at 
step M, If » capture threshold is ted for a pacing eli.mu.el at either step BS or 
11 



BIO, steps B9 and Ml then teat 



i b fti pas i . s 



! c - ! LI 1 . i ; 

ctemei tm hvm tai so mm the proced«s« can cith«r end at Mep B13 « i 
to step 84 or 85. if the i 
'a.k^ti .and jr-s e fx. * : 
Wow the tossfeoM vatae, tie capture threshold for both p**ug chinch wr 

\ i r i I i1 l' i ' tr t -I « > ; j i j i 1 it> <, i { t tf I 

by .steps BO m& Bl 3, 

programmer when it ss dcswNi io tkwrminc the captwe thr-hnl,3, ft* tho RV 
asd I V Lhaju-ci* asid set tbe pacing amplitudes accost n * \ v\V 

abov^ Hqvil^! c^uuR ^en&catoon b> cios^oondattiig template and teM 
I on a besi-to-lwsl basis by tbe ptmmkM 
Figs, 4A ami 48 
emv 

> or 'icrj^r m ^ r«T > n v h uH cj,:: p n c 

Referring first to Fsg, 4A S *he < 
algorithm at step CI m wtikfa templates are acquired is the RV-only, LV-oniy, 
and Bi- V pastej ccrfi^irata and capture faesfaolds are (tend for the L V 
«ad RV i 




pacoJ bait at step C2 ^t s^p O an mrommg vgtul u i - ft.wkvi 
i with the Bi-V taaaplKte to ateertak if both the RV and LV 
capture, ffll«Bi-V* 

02. lf« IdoJi of collation b*i*6«H lbs t r w^vt r u lib Bi-\ tenipluU v 
ft ur^ die di; i 1 i -l i iLiit:h iu^ :or;.:i;ttc< h i. test ^avci'om widi he LV 
,iT^ K\ * ^ . 1tt- i < 1 $ - K IvM l w .ft. t Lv *h U ! 

lick v t\pMir^ 'i *K T\ pjcifi^ d^r:*^ i« a. -uificd Ihe L\ | 
r T 3 mfc , i< i _* aw_r * c . u t >_ i i cl, rs to skp ( I s 



^ RV 



padng pulse amplilad^ increased ^t &tcj? C:^, and ili^ 



>. LV 



Cl. I? uenhe? RV ros the 1 \ | i 'a .0 ^ 1 

lack of eon ■ 1 ' ■ - ' i ttcs, both th« 

IV ami p4ue | n u no s.^ d idi" \n e micv uki 

g; ii - i 1 ..[ion . „ > ,1 it hu tet ip >' 11 ' ca ' "no 

5 jpditOf uaMbc pa i _ j< f' «. <sr ,'i "m ■ so: a - 'k .r i } \ vopur.e ui 'hc.Uioi 

{ i per roted at tep O e devioe opt v^ * h the ipeJated pacing pulse 

jmpJitvjuSes If capture n aeMtcv.c, the algorithm returns 10 the capture 

> it 1 n m 1 «v n u r i 'ih * mIi^ c rri.vs u'l.i ,0 Achieve 

wlf' It M he is li 1.1 1 i <i a n« » VlV I d.K v 'N.'lt MO 

10 > ac s_ t 1 s 1 g < *.}' .1- t «. < nun , << 1 - . 1 t • i 1 i by a 
pac^u pu.nl . - laa1:i; <*, t i /=- rt~i , <npvvt\u<' thPuu \n nKimmg 
rek "uki r itLj 1 I . .ui a mall n on n tru pacemaker or k\i»i 

k\ ,tr-i \r nt*. * >m t < I ' i f 1 it , .qu Md i\ then logged m 
nv'w <r step v. f< wb . ; 1 1 t, .** i mi « >- J ', < . 1 ikui t e_ the ru-u 

!? (!i n . .t . 1 1 ) » 1 s 1 at • . 

I) l i I i 't\ illl . J] 1 J I 'It ! f „ It' 111' ' - *. « U *> 1 'K 

1! ! It ' • it It lp! I'l. ain.iv tin it _ 'i u 

wrs has ,sne ehambei loses capture there it; a prahabilUs I 1 1 1 >'U 
: turner will simultaneously K-.b-- caput re. Nonetheless, there Is a possibility that 

20 the paeen iKt could - ca.pt e on both chi ibei im ltaa©ousl> Wb 1 
* 'p .ik v > * i \ * J { *v *e < Li, t *l l t» < tn p - <ic a back-up 
sat'-dy paeu in uk- tight vc-ntnde to muncduut.s p-u^-b puns'i therapy to 
present tV 1 n it im t« n^ 1 1 1 1 * *. > «i ut l 
i I .t 4 t ^ t p<i t l 1 > i I 1 pi l 1 1 t> upl ti 1 'it 

25 algorithms presented bete e*vd<* taU citcj than 100ms K< acum \ l» it h 
p.KUte acn* u It . tl to*t *iu of u Ut-'av t*i *><- i*vc* a ssfc% pa*.f 
F urtber, if S festoo even.? oecnrs, die device must prevent pacing, mio a {»waw s so 
it. trj&i agsit tea > qu^ekh it < -ak , out • ' it dtl vacd Fig, 4B is -s 
tl ait 1 1 m 1 x 1 ^ 1 < i h 1 1 'tvofiMt M^t i3n that ^ncn s 

30 milt 1 1 * k<fd «■! '1 .irpn - if uidltm *, 1 (hit ISO* 
MC in t 4 Mr * 1 T M l M« U 1 IS.' 4« JTi tig 1,3 n d 1 • .O'n 1 HM i*. I 
SCi't aie* to i: p 4 \ M e— „J p^flbt it ( lv M* i^Oritntud Otf fsr 

Ljptuic s e ^cr CM an n**^c:\ 5 'cvoon^o v««iHVt<5tot Hat '^fe* to any 

13 



KM ikym\ 



- \ ,} res >i k>\ i • •< i ■ 'u I i ' <i . v> i c pace - * ked 
response occurs fmn the venmde* -< i m - mhae ventricular aeuvii> is 
denied \v ix-'o^Ui . ill . .nip iej f n v Mtoimihe 

- i in hi 1 r i, i > Uir u - t k i'xi r d tin m > i . < m « 

5 If m evoked rmpoi*§« OiMiss following a pace, on the other hand, theft the 
algorithm apphe^ a va*ets pace Jo the right vuibiJt at step \ ,2 at d ihen 
proceeds as if nedh ;r pacing poke captured In go ng to step C7 Ir this manner, 
he :xit,::i\ ' n»j i ' i < it ) r >> hi h 1 < 

fa die capture verification methods described above, a test depolarization 
O! i 'i t^i .1* • _k im> Mi- i a. i- -\ a u \ t con trJUvi >i 
I i < t s| _ > t it i 1 ' i 1 i npiement.ati.ons itsrmo i k 
the ptr<( - u o< h > < i i uii nli. in. it ig san dt a 
segment of the tesi waveform in memory and then performing the ero&s- 
e 1 i j iii irosspoading sa ip if a tempi m 
U Reconfaig and cot eLt iO > m i « n ,i 'pla biAuur rvs 

1 t i, 1. ttL i \< ( . i ni d < t i in i it • f < t i i I 1 1 
'gru ' - u i i i u 1 it - lot ti - . i k k. \ o 
ops atior t hat ease 1 - it. - r i\ k j t ate I '-It o.ng ao i npi se 

n ■•perse fo a ; n ---n \ . u--,.m .0 a le>: o'alt rtAt'tnt ! he test 

28 waveform is shas cross-correlated with a template waveform reps-eseoted h> the 
iMm coefficients o! the matched tjite? Such a j d fin. t u < be provided, 
foi uicn ot n dV ui \ \ - h < > h>\ n i < n> ^.u-, ><-i ^ ,nd maybe 
implement < . '\a i > ^'«,uf v, tlx ^untuvUe? o; ,o one oj more 
de { e Had I ardwao eon 1 ao in 

Cgpt^> vu 'u'.rti i > n np a j i k t i «>< ^ it 
dep<h-iMi<n A.n l-^ni v,tdt . t. ip\t e I ,i> « i de.inhed §bo\c sn the 
. i n do U 0<a ^1 i n i k i 1 i'H' m pi ! j' i h i 
* t u * pane.! u t k> o< M -1 nid r i »!• ^ c ir-» a e8Fdtsc 
ewie It should also be rp^>. that a test dc^h-in^ation >v m n i . I as 
30 * k\> ios mi lmm »n. evoked re^poms r .1 u j 1 tlH.u.i 
deJivej") ot a single pacing pi I > uhI in con pared with i template waveform 

14 



ieps't'sentsnL. < ro of beast bv a p.vi u n or*kr to 

. v-njue if capture has bees achieved fey the deliverer i v , 



5 I uible tldenuMialwfl m whether a paemgpubse bas *cJ ow- - r i o 

o JttOJTsoi n£ .1 k>t ,\T^\in il r . ' 1 i * i ^ Mu j . fi ltpld'C as 
u . r»i n ]U . (it Jm-i _*mj> . u auh iilt! She 

7 - Ur C bOi VAl v ^ i k J * , 1 II i . i v. IMOM 

' i ion ni t i l . ~i k I n p. i * >. o i t o i'to 

SO , 'i £ e ca t i c m - ... .oi. o hi no hi n ^t, - x crci.. i ib; 

(CCiU^ , j t 5 l£< [Hi , II 1. , -"\<, ir, lj„ >" V, .'lis. O CO.il .U k'.-. i ! '\t US 

i i i j lm contraction occurs whe^i so itrinsi vmtdeulai 

A fusion evem is i^e ^eufrsnes of ininnsic mntraciicm LVsuddsm with 
15 * apart*" "1 .irl- .u ri - t~ ■ r..i_ rj >> ^ ilivJI j) , 
ouxc t I i t it h i ;i i v so>J U\rk\ - , i - f yn 

sr t II any of tese everts occur wMfe a (te tonplate k 



i mqiMxkm algorithm imy : m 
,nv 1 > n - t iv t> * ■ ■ a 1 il t ' ■ ■ uiipUiH, 

} [> ^ \ l A , j + 11 v j,i i .j 1 1 j " * 



t (CC) of s 



i at sf«p» DO 

,V "> II v v*TTv beween *n r* i m« ' ,\ evoked ^ s is 
emulated. Kite two wavetas «w found to highly wmim at step D3. §:b.e». 
3D i , ireav« igcd together and the average is \g#i<i eon * * * t 04 Ttie 




t nUt D2 If, on the othot iwul &e two complexes do t highly cordate i 
15 



step D3, i' >- ' 1 i - ts to? several heais and then collects a Ibird 

os.v>kod tvsp 1 1 iicHhat PVCs or telemetry 

I . - n H ■ them^rph&logyofssi .evoked rcsp \v* i >c era) beat* 

\\&t«% ^vera bea thu ^.sb.e pcnurh r tlx l 

S response u? ri^ai If t r r t „ U k k.-i 1 third evoked ^sm mma 
t 'I w~ 1) \ \ i v iu t n r i o "-v or 

, i i >- f n ..Ik i niv > ? ii << . j t irdthtfr^st 
and thiri? c\okcd rrsporo^-. i x t t. V\ S n 1 . t d 

«s> k «<^r (,<->'!(■ 1 , , ; ,, — ] , - , ; ^-p Oo, k n iV miM owplex is 

id as red to km s? _i t jm , h ui" • v ti^ n ^ v .i J 

b nknvnt. I 1 i i hi 1 * Jo i u*s kvu\1 Ihr 

v <» i ?\ k« i ^ i ^ I vi* i i i i _ i! I- m i I I v \ J e> v c> 
resgMn&e at step DE and bq&m ag»n at ttep f>L 

15 d l-'r-: ? npt n tuny ht-tn> tv^ mnef *j? • ij,hi » st\i+ t > u Ut Lkl»^' 

Fig, 6 stews m example afBiV, RV, sad LV peed evatasd responses, 
each 40Ums in k \ d , i t t i h]t X :i wtdt d i kv r.-icS ed [lie 

evoked re^p i i_ u i \ ■< t bi- i ■ i \ n < tf ^ | cmj- ■ ~< 

p\ Hi! CS^t ('KM II . . n h J . 1 1 j h 1 1 

21} «, n i. < x r ] it I t ! I J It lot I U .M t 'I \ 

s I'M I'vtn 3L k 1-lt '1 tl,l J + *Ult I . 1 i 11 -. . Ji H <' . I 

k 1 fo* v i'v'rv" iN 1 I- <i ; d SL ML Jt .1 < « j . > > 

the right side of the heart. Conversely, «he BiV Md RV evoked Mssxrases 
di&plsy a lu^h ik-f.-u'u f similarity, cam 1 1 '.'t r. j ki it < s p,ni>^ii^r 
;>S > ih cvt fhss ^ to . ;xpc ^'d s.inoe both the RV and BiV paces m\l similMy 
iriiNU'tK li>'* Uln'.ti, lL.it > i. . c. f J.t usk;.L \l i 'i * J i 

celk -*t\ p s< .J liLii.Lt.L't'.,! k >\ .. - I..-, i . ktl. 
bftbs «v : i\it< us v * . ,'j5.Lit jiii . u u '1 . u*t f xiisa? pace. 

SJvi n '1 k h I s l _ .1 L L M , n t;,,t 'tit l - It \ J„ CsS£! S^dlTSp 

3D any far-IelcS signals torn th* kt «ide. 

The %h slMiladty o.ftb« BtV *wd RV template* mi this example tuggef % 

'Stun k ^ I r rrt. n i h-Ju 'T t ir. 1 tL „ it In* » UM'^ 

hetweeii BiV md RV captat« wtei fhe stock chrumtd, at any sensmg d%mw\ 
16 



it 3 



elec;i.^c\ iVJkJ v t nc i_ - kk of the hearix is used as shs? evoked 
sesfX^c i > cntmor tm> sher«fore h*.< «icd <o ful > 

,i >i i s \ R¥ e\okcd icspofews ^ d > il k:d sensing 

\ It TiX Xvf t „ 1 1 1 1 U I . 1 f " " x Ltx. x I . - 1 1 x. - 

$ . x maidy 200ms following a p_i.u *kc s 1 

r*ht -iuko. .ii j'-x i n xWi«a^ib^t,l, t k„n t.miti- 

to he ci i Tx. rj'M lur i 1- t x-v ' Hi 

Hwrnf K «j ti s - it 1 -*\ )iv* **\ n'i. - *n 

19 . .Li h ' a! xTx.r 1 ! i in I h>' ^ k x L i ul 

< u o ' is x 1 i! _ i I i i i 1 |i %.t e \ m i *A 

templates are fest used ^ calculate the energy 1b both lempteles. An mm$$ 

XMJ.it, ii "Si il. . .1 i 1 * xx \ ijIjMIx Jihx. eu^ 




i3 w Vre 1 ho ^ ii.L_.ij I , - - ~ -.1 . anl I 

sn fj homu 1 I ' s For exsmpk templat may Mve a 

grcatgT ssi 1 - - i i x i i ^ \ t^np Ate A nomuhiieJ ^vnWti 

, 1 x _ r i if i I i I u x i K\ cip'yro 

x," i x. xi f o I p hi i i 1 ^ . irs i ^ ■ d 

M) h i < l t \ pi. i u- h i la Li r. 

r> I'l wi il L i 1 . iu II. i p „ • . Ll1il ( (.-a ji.... la 
ercergv than the I j - H i.'] uh, ... i- j Pt\ x^.i.rt h vhouk" be 
•TP x. i .uU«x\l thxit the vir xr r . i - ] i l .j , ' x i r i ii %Urt*r BiV 
ami LA captuf <n 1 c ^ 11 i i n« >i r pi >r i ■ m-il km 
75 sens* <•_• lead • locates on left ixL of the heart 

1 'ii, n f lit,, Rx x>m~K x. ;t ii.'ih, hi , \\ i , * <r 
%M Ely mm! RV evoked respewtss UiHcf<w < ^ il? v',i u t ; .x-s \J. 
sens=n^ s BiV ami RV eaptel ate vIkPt \ii ^ n^i iru 1 i 
iuf n i t i--K L? syh-v ikv i' r^J lul. 1 u he pact; Whether or jk>I 
30 this EiV/MV c^pMre sJiscrtrnkatifflt itietfeod m tseeded d«p«Kte ^pott teotfe the 
l^tK-yk? p^ncm die ekctn^k itiraisgcramt use^j h t <ei^ing ?h? evoked 
17 



m i i ^.'i.fi.i mm* 



HO j r i ^' H h <r \, 1} t - i 

Ig ote tinngg, employs the BiV/RV capture dkerimmatkm method 

lb* 




SO ttjx.iorr" li3e*U% Nme\t-s\ a ^mpla^based capture ve 

would rs-ii ihh distmguish hetraa one of five mute BiV capture, &V c 




whether it meets im&ipte criteria for BiV, RV. or L \ > apturt The nratttpte 
i of capture ragaire not only a high degree of 
tt form of capture but 




tjm-o xsOO in iiccordanc:: Oh die eoncOor; 1 .u. die 
a - forms \ * sample w $vi>k$& »ponst wwefo n will oaly be c 
m mmhzg the criteria fa BiV eaptwe when it b highly eamfttfMl with the BiV 
tenipidtc and eondatat with the RV and LV umpUo ^ k <, N ,1 ; , ^ 
3d extern as the BiV template When m evoked response mivdonn meets Hw 
criteria for both BiV and RV captun, the method fer BtWRV diwarmuiWUoR 
using the sigml oiw^ m the siifawiatow kdarvat discussed above is ^ployed 
If acme of the canto criteria are met by the evoksd rehouse wivdbnn, the 
IS 



wn *t^,m 



aigomhrn then dcwscls dlh r k <i c s capture* or a fm\m beat m 

accordance with the total Mgrml cnogy in the tvoUd «&|wbsc \* avc &rm 

£ erong o Fi| ih* ilj rit t h - rep i 1 - t acq sitiwt of 
n k c 'i " k t * ensure \ /t\ sn^fd fur , va i cat tpir r bulb ibe 
5 , ^ - r k . i p! 1 - ■ "i i > .1 1 < n i nl 
1 i 1 } act V _ .»ai Ip C > cir l ta:c mI m •( 

i j i u ..- 1 - 11 t vn c-J -vi p ^ ^'k^i . - v r we 1 „tetm The 
j^gombm y?n f * - pkuc- ti\ T\ o 1 \ \tpkn events by p&ang 
lh% f^srt i~s i e appropn sepaemgn sue a d record g the re ultmg vvuerorms 
l;i T'-urrn ici-fL*.. m> i'im d.- ok\ <ct t - i \ \.<l .d i 1 ;u. iu >x 

i k -if kc k\ i- ^ r-M-i u' J - il ! i' - rc j.. kil y ^ ir ^nJer 
:o t lci it sj ict ip .k r f.i t I \'u a.-wntu^ u \ r - 

i ^ t i - 1 it i tor^io p Mi tnt kott U ut ! 

is a, ,rt- \vr h" t if . k ' n.- . o -roasate the 

dtgvt "t ml i- l\ l.i b „ * "rake- § he co - no m <.< mcxUs are 
v,i . j and . foitowg:: 

cc * r 

20 0 .)x > ^ * i in iht' h h void ip * » jr. >, \ h wiki »1 
^np>» 33i ike '^rnpkJc Note that dix. U-;.. . t u^i ^c u. u,c j/^sim 

\i> tnr jV .-is r * j 'kii. 1 ;ltu\ d: t. tut k/ . th < t ciukuiutt, are 

prcnW^i rr, i j k it v 'iu* i' i* 

between dv urc. c- t,-^, v *t b t st * k S t ; >U t\ i kc I 

2$ r«^r!s;.'>'.,i\fvrtm. F-o A shu-v plni u : ' ftK- i&\ pt;i(- k ^tTekiUOn toefffcisnts 
M n s 4' j-m j ^ t m ^ . ^ t -i >-t , I i it \ n t < 

y- i\ v H ^ iiu cn j n t , i tt, I ui -tK t i e terrpkites 

Altcsnsstivcly, the tack of similarity beiweea the L¥ and both the RV »ad BiV 
^.i^ekvsri ^cU>! c lw - - is.'U.MiE Bottnds aire KsJablsshed ar an exoiUfd^v - 

JG 1 petwitage pamts m ciihct hide of die £akuktsjd arekt m c efllck 



rtheMedss 
s by d^OTshtg if so evoked i 

, rr j • , ^, tl v v tiTt ll < - J J 1 vUv tWO 

temp kites to as expected e-t;r 
5 Once the i-etrai-; Kuu\:- have Kc- n p epe:^ l-U\^Ko the 

jtjpnthm u> r^x1> u» dx\~\Kx v.pnt. o' ^ i v^u. it < . ,J s it m v ; E2.. 



£K is the evoked respond - - n is the 

veforra. Next, the ER waveform k 
a twe ! a:io>i j t< ivut between 
< 1 I , 1 I , r i 1 J i. ipl 



« in 



Next, at steps 1 3 through trie ' - *.c-d roe) se is c lassifled according 
.> jui*]iip:c ,ei^ru for each of the tee possible capture eveafo, Bi\ RV. or LV 
aptee. The evoked ns&m* may *«ee4 the edtotk for one or more wch mm 
•r may not meet my of the criteria, to wrier te meet lU criteria for a particular 
apte cunt, the ooirsMosi eoeffimt of the evoked espouse w*vdbrm mth 
s for that capita® c*cnt must bo above a specified teshold (J w this. 

§ of the evoked response 
identified; at step £1 . Asm 
% BiV template, meettag the 
t criteria of step 13. If toe cross correlations of the ER and the other two 
! by the earlier template uaty* in step 
20 



In other words, if the ER 
of the BiV tesplMs and does mi mm th® 
runner, ih«n the *-avetbrm is < 



/U\es the HR \u^e*orm ss clas&i I i mV *t<?|v T H 

, O. aibsequenr steps determine the final detection resale, if the ER 
wavfto meets the. criteria for both BiV ami RV capture, as d«tennrocd at «q> 
Ft*, thm ?he total energy of the EE waveform m a *ib-wradow 200^0Qms 

13 If the total emt& ® ««« ^window is above or below a i 
RV mpmm ® detected at ; step E!L Otewise, BiV eapfrae is 4 
E<! If tite BR mtfixn ii daaeUM m meeting toe tmxm& for mly <m eaptwe 
went, the algorithm detects cither BIV, RV f or LV tap? 

is criteria, the algorithm *iti detect either asystole or a &stan beat If the total 
mem 5K 1 R ww§fam h tess than a specified threshold jierceotage (e.g., 
10%) of fhe W is t&e BiV template prior to aoKffljtalfcn, as determined at 
step EI4 S ibM asystole is declared at step E\% Otherwise, mm* the BR 

wjl*^ rr «- ^ - - , ^ i \> ,v n — , r, o! h~ C *r> ir c e : ^ter a hut ^ 
20 ^cpicsc^l^U^c ^t v - i i ii i -ji M <ep 

£16. 

Akhoagh the invention has been described m commwm with ihs 
§m&mg specific m®Mimz®i } many alteratives, variations, and modifmmlmm 
will be appra* to these of ofdmary skill m fee art., Such alternatives, 
25 \«r**K- « it, 1 p ■ u . r- ~-t ti iv.l > ^1 s l i u u;k the 
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s i. i _ - "'.jut! t-i the pulse 

mv -0 ---pm\ - s 
_n Lfk i j i ",.vi r 




toe by both padog pokm, titpatre by the first g 
t>y » template wveftaa if the wofad response waveform highly cmmUm with 




2. "he p^cmaksrt ol ckur 1 v*lo — i >k - I ^ .i, rt surd v 

U"i a i v :tuTKi V \h ' * x -t>o T!>o \jvot.*rr if ■! \ , n-^-U'r- v> o i. 
template v¥*vdfems and cm-etes with the other teropUo ^ ^ evrj; to ro^-iilv 



I i i !-. . i i p . i is repressing i .1 11 j i (R j hi 
icit \Ltnui a \ > Cdpture. or b 1 k l~ ibi\ ) ^ *\ co- K 

evoked response w^efam wife RV, IV, and BiV templates repressing RV, 
l.V. and BiV c 



11;, *sc« nakej of claim 1U 



f h < \ i i \ [ 



V\ l r ' 1 1 '"Mi 1 ... - 

reseating B cap c the evoked 
ihe BA' tempi** and com^u* with 
■ same extent as does the B: V 



classify the evoked 1 
owfioftheBiV «*d L¥ to 



; as rep?\^nRfig RV capture if the evoked 
s with the RV temphv and i-^reUues with 



1 highly «orre1«tes with the LV template and coirelates wish 
each of she RV * \ u <i <d ,„ , , ^ nl *hc • .ui , ^nt as does the LV 
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?, I apae & safes of c bun h w tern she controller k pm m m sssd * .1 
MV or RV captee in accordance with wfethfir the Signal «p of the era&tf 
respsMe wttttsa she specified sab-wiodow trass interval is above or below a limit 
zmm value Ntw^ sigud «a«rgies of she BiV rad RV templates in fi% 

BiV« 



8< Tfe ] 



9. Ik i 1 >i 1 r i < i< I i ■ >> k> u vlr 

& &®m to is raradnace wife tlic total s£gaa3 mm® of She 
jspo&se wpste in the evens the era^ asjxinae wweitaa is m 
«s other &V,RY, orLV : eapfera 



irswfomis repnscattnqg entire by ®m Bui, second, m h®ik 

ifap 



miortfmg a second evolnxj resist -<t \->>n : uK-i <.u* o; 



evoked responses; only if (he first and sa 

to a : specified cxmut 



11. a i.u-l , ,, .1 m;j. 

30 outpstttng to and mmd pmmg fffitees to <h« «r Mb of &e paired «k 

or Co one. or both of lbs? psifid v^indes during a celiac cycle in accord^ice 
wife a pmgram^&l p-aci 



i i r«^F^ put. k h. i u _ i 



ked response as 



12. " u i i < i - i i ts l ir , - -i i i 

I » of espiwe s ^presented fey a 



■US. V in. I: : , 1 . , . 




k u™\\m§ li *■ . .* r^po^e as repesenfog BiV captes if the- evoked 

ca^h of she RV ami ] \ tempi*** lo w«ghi> the Mtmr euot <j k\s th. HA 
template; 

( r ; :ih* evoked ^poiuwwrcrresrotmsRV capnue *♦ rh c^kvd 
3i response waveform highly coircfctcs with the RV template ami co«si*f« with 
each of the BiV and LV templates Jo rougWy the same ex teal as does the RV 
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Hspotse waveform Mgfelv 



wM* the LV t> 



KV.RV.orLVc 



m ^.coxd i i I il.tr t ■ t ^ us <s \u! a 

sub window Hi i ^ » k U o vi *\ v <-~ i it ^ t t as 
vepte&s&mg both RV sad BiV capture. 

!• s7 Ij'^lnc^ tL i 1m t lit'i. .t i - .tvN it L^iV ot ft V capture 
i i> v njv, * l ' " l l; '', - iv. . t v o t k I i poi no a it'll 'Kt 

specified suh-wmtiow time interval k above or below « limit energy value 
I i 1 i I 1 pi p ■ i v t R ■■ i ii 1 i Mi- the 

evoked response h MtMly as n^narcifting both RV and BiV capture, 

•m 

18. The method ei cUini »h u i. < ai^d vi^ s tl * n:ne mkrwl 
. sprus-- d . 1.1 200 -3(H) k : > t..u us j 

1J. The metkxi of claim 13 fesfw asmprismg ttefeci.in . i u i ,s^!c of 

15 1 S ,U T I I* I d f „ !■ 11 I 1 1'i i i i 1 1 i ,_ >f t ' > ! 1 , ' I 

wavcfonn in lite cww o< ^kod top* rv ^^ovn > n -' k^'fuxl *» cither 
BiV t RV»wLVttptuHL 
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2i1 -X lsitrshod ,s 



corded evoked ., 
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pct/os m/i m 
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